Abstract. In Taiwan, a pandemic with human-transmissible influenza severely affected the allocation of acute care resources. Using hospitals' clinical data may offer a unique opportunity to predict of influenza epidemic. The aim of this study was to make a use of Taipei Medical University (TMU) clinical database, which can routinely collect clinical data from the three TMU affiliated hospitals, for early predicting of influenza epidemic. We first identified the influenza-related factors through literature validation. Then we extracted the outpatient medical records (2015.06 ~ 2016.10), and through the Pearson correlation coefficient calculated the best combination of influenza detection factors. In addition, through the CUSUM control chart to establish influenza detection model. Finally, we compare the influenza surveillance model with the Taiwan Centers for Disease Control (TWCDC) to monitor the consistency of the model. During the study period, the optimal combination of influenza detection factors had the highest correlation with TWCDC ILI data and virologic surveillance data (r = 0.95086 and 0.87312, respectively; p, 0.0001). The results showed that TMU EDMF and TWCDC epidemic information trends consistent. We automatically collect clinical data to ensure the timeliness of information and 1 to 2 weeks earlier than traditional monitoring methods.
Introduction
Influenza (flu) is a contagious respiratory illness caused by flu viruses. The flu is transmitted easily [1] [2] [3] from person to person in seasonal epidemics, and may lead to severe illness, hospitalization, or even death [5] . Besides, the flu and pneumonia was the 10 leading causes of death in US and Taiwan [6, 7] . The most important thing is that serious not only affects the allocation of acute care resources, reflecting the combination of Taiwan's medical resources and epidemic prevention [4] .
In order to strengthen the monitoring and resilience of influenza epidemic, all countries in the world are looking to assist in the establishment of early detection systems through information technology, such as Global Influenza Surveillance Network and FluNet System established by WHO [8] [9] [10] [11] . In addition, health facility in the world, such as the Taiwan Center for Disease Control and Prevention (TWCDC), has also established a syndromic surveillance system to collect epidemic data for hospitals, medical insurance and contract laboratories [12] [13] [14] [15] [16] [17] [18] .
The traditional influenza detection method has high accuracy, but it has a problem of timeliness. On the other hand, new technologies that use big data (social media data) can detect trends in real time, but epidemic information is often overestimated, most notably Google Flu Trends (GFT) [19] . This project was first launched in 2008 by Google.org to gather Google search queries that can be used to identify trends and calculate forecasts. GFT was able to predict regional outbreaks of flu 7-10 days earlier than US CDC [20] . However, the "Science" study in 2013 noted that the GFT's actual comparative analysis of influenza data trends in US CDC in 2013, GFT's predicted deviation of more than 200%, significantly higher than the actual data values and closed in 2015 [19] .
There are no real-time influenza detection tools in Taiwan, so we use clinical databases to replace social media data as a data source for detecting influenza outbreaks. The purpose of this study was to establish an earlier detection model of flu (EDMF) based on the TMU clinical database routinely collected by three affiliated hospitals. We believe that the timeliness of EDMF information is one to two weeks earlier than that of traditional influenza surveillance.
Methods
We purposed a method of analyzing the related clinical data, which can be used for depicting influenza data trends in real-time and was to give an early forecasting one to two week ahead of TWCDC surveillance report. Based on the TMU clinical database, firstly we extracted a total of 5,809,089 outpatient data from the historical medical records (2015.06 ~ 2016.10), of which 1,869,205 were Taipei Medical University Hospital, 1,873,212 Wanfang Hospital and 2,066,672 for Shuang Ho Hospital. The influenza-like illness (ILI) epidemic and virologic surveillance data from the TWCDC were used to perform this analysis. We downloaded the publicly available data from the TWCDC website [13] .
In addition, the use of literature validation and reference to the definition of influenza-related, by the TMU clinical database to establish a meaningful correlation factors. We have completed the definition of influenza-related factors and studied the contents of the clinical database to determine the data content and collection range of each detection factor (Table 1) .
Pearson correlation analysis using SAS EG, version 7.4 was performed to examine the correlation of the data from TMU clinical database with the TWCDC ILI and virologic surveillance data. Strong correlation is defined as the correlation coefficient of 0.7. And then, we choose the strongest correlation factors to apply CUSUM procedure. The purpose of this study is to apply the cumulative sum (CUSUM) control chart of the quality improvement tools to detect the outbreak of the influenza Epidemic. In this study, we created a CUSUM chart in Excel using the QI Macros SPC software. . 
Result
The study was January 4, 2015 (week 26) through October 29, 2016 (week 43). Our analyses used 70 weeks of data obtained from the TWCDC ILI and virologic surveillance systems used to monitor national and regional influenza trends. According to the definition of epidemic molecules, there are 27 classification results of correlation factors. We use these correlation factors as a database query to generate a total of 27 data sets. We then examined the correlation between data from 27 datasets and TWCDC ILI and virological monitoring data at the same period (Table 2) . During the entire period of our study, the highest correlation coefficients were 0.87312 (p, 0.0001) with virologic surveillance and 0.95086 (p, 0.001) with TWCDC ILI. The lowest correlation coefficients were -0.1358 (p, 0.2622) with virologic surveillance and -0.004 (p, 0.9735) with TWCDC ILI. Based on the previous analysis, we found that RIDT data had the highest correlation with TWCDC ILI, and that data was easy to collect, so we chose to construct an earlier detection model of flu (EDMF) using RIDT data. We first collected RIDT data from the TMU clinical database (January-February 2016) and downloaded synchronic ILI data from the TWCDC website. We then set up the ILI trend graph and EDMF using these data, respectively (Fig. 1, Fig. 2 ). In Figure 1 , that the flu outbreak occurred from the 6th week of 2016 to the end of the 8hth week. At the same time, EDMF control chart trend increased significantly, consistent with the ILI monitoring information. We proved that Figure 1 shows a high degree of consistency with Figure 2 .
Discussion
In this study, we found that the correlation between influenza virus detection and TWCDC ILI data was highest, the correlation coefficient was 0.95086 (p, 0.0001), the correlation between influenza detection positive and TWCDC virological monitoring data was the highest, the correlation coefficient was 0.87312 (p, 0.0001). The results are highly correlated with TWCDC ILI epidemiological information than similar studies [18, 20] . Furthermore, we solve the timeliness problem through automatically collect clinical data. TMU affiliated hospitals daily 2:00 am automatically the day before the patient treatment data uploaded to the TMU clinical database. Automatically collect clinical data to ensure the information timeliness and 1 to 2 weeks earlier than the traditional influenza surveillance.
In the 7th week of Taiwan in 2016, influenza infection was the highest weekly growth in the past five years [21] . This event gave us a good chance to verify the detection model. In our model (Fig. 2) , we found that CUMSUM value of the figure exceeded the threshold for the 7th week of 2016. We had successfully detected the outbreak of the flu epidemic through this model.
Our EDMF is based on outpatient medical data, so our model will be affected by the holidays, underestimating the epidemic information. In addition, the accuracy of the data will be affected by some environmental factors (such as temperature, season, week and time-dependent) [18] . Therefore, how to reduce the occurrence of false alarms, to ensure that the sensitivity of this prediction model will be our next major challenge.
Conclusion
In Taiwan, a pandemic influenza severely affected the allocation of acute care resources. Using hospitals' clinical data may offer a unique opportunity to predict of influenza epidemic. The use of this detection model when the flu outbreak occurs hospital infection control personnel can start the investigation. When influenza outbreaks are detected, the infection control team members, health care workers, and the hospital management take appropriate control measures and response assistance (such as vaccination, special outpatient). Of course, our detection model also needs to be improved, such as false alarms, environmental factors. But the biggest contribution of this study is that we have successfully used regional clinical data to predict the national epidemic trends, and more importantly, we make information more immediate and easier to use.
